Objective: To investigate the cause of the motor asymmetry in Wilson's disease (WD) patients using functional MRI.
| INTRODUCTION
Wilson's disease (WD) is an autosomal recessive inherited disorder of copper metabolism, characterized by excessive copper deposition, especially in the liver and brain. Patients with WD have manifold clinical manifestations, MRI changes, and varied responses to treatment (Favrole, Chabriat, Guichard, & Woimant, 2006) .
The clinical motor symptoms of WD often are asymmetric. Motor asymmetry is seen as having different right or left motor symptoms.
There is asymmetry in performance of gait, tremor, and rigidity in patients with WD (Valtteri, 2016) . Both the manifestation and extent of motor symptoms on the two sides of patients with WD are quite different. Evaluating the motor asymmetry is an important part of the characterizing neural symptoms of patients with WD.
This asymmetry in WD, however, is still part of a mystery. Both the characteristic and mechanism of motor asymmetry are not clear.
The asymmetry of neural symptoms may reflect asymmetry of damage to the brain, which may be important feature of pathology process of WD. What we were interested was as follows: (i) the characteristic of asymmetry in neural symptoms of patients with WD and (ii) the cause of the asymmetry. We hypothesized that asymmetry in performance in patients with WD may be a manifestation of asymmetrical metal deposition and damage to both subcortical nuclei and fiber projections between nuclei. To test this, we studied the relationship of asymmetry of neurological symptoms and metal deposition and damage to both subcortical nuclei and fiber projections.
It is hard to find asymmetry in the brain of patients with WD on the conventional MRI. Susceptibility-weighted imaging (SWI) is superior in its ability to demonstrate metals especially iron and copper than conventional MR imaging (Maija, Hanna, Seppo, Irina, & Prasun, 2013) . Corrected phase (CP) values can be used to assess brain metal concentration. Diffusion tensor imaging (DTI) is a method that has been used in recent years to detect changes in white matter integrity (Le Bihan, 2003; Menke et al., 2009; Zhang et al., 2011) . DTI metrics include fractional anisotropy (FA), axial diffusivity (λ1), and radial diffusivity (λ2, λ3)
. (Metwalli et al., 2010) FA and λ values are thought to reflect the condition of axons and myelin (Maija et al., 2013) . DTI fiber tracking (FT)
can show individual fiber tracts of the brain (Coenen, Mädler, Schiffbauer, Urbach, & Allert, 2011; Mark et al., 2011) . DTI can be used to trace subcortical gray matter connections. Resting-state functional MRI (rs-fMRI) is a method that has been used to detect functional activity and functional conjunction of the nuclei in the brain.
In this series, we tried to study the characteristic and mechanism of motor asymmetry in patients with WD. We estimated brain metal deposition using SWI to evaluate fiber tracts' abnormalities using DTI, to evaluate functional activity of the subcortical nuclei using rs-fMRI, and to investigate the correlations between motor asymmetry and asymmetry of imaging metrics in patients with WD.
| MATERIALS AND METHODS

| Patients
The study enrolled 50 patients with WD (28 males and 22 females, mean age 21 ± 4 years) evaluated at the First Affiliated Hospital, Sun
Yat-Sen University, between July 2007 and January 2017. All patients were categorized as cerebral-type WD, presenting mainly with psychiatric and/or neurological symptoms. The diagnosis of each patient was based on a combination of clinical symptoms and laboratory tests.
Clinical indications included decreased serum ceruloplasmin concentration (<0.1 g/L), low serum copper concentration (<0.5 mg/L), elevated 24-hr urinary copper excretion (>100 μg), and the presence of KayserFleischer (K-F) rings on slit-lamp examination. Some patients had genetic confirmation (39 patients). As a control group, 20 age-and sexmatched healthy individuals were recruited from the hospital. Informed consent was obtained from all participants prior to enrollment.
The severity of neurological symptoms was assessed using the modified Young Scale (Xiang-xue, Xun-hua, & Hai-wei, 2011 ). This scale consists of items evaluating dysarthria, dysphagia, rigidity, ataxia, tremor, choreic movement, gait abnormality, and psychogenia.
It assesses different aspects of neurological dysfunction due to WD 
| Diffusion tensor imaging protocol
All participants underwent DTI tests of the brain. MRI data were obtained using a 1. of all ROIs were measured. Fiber tracts were reconstructed using the 
| Susceptibility-weighted imaging protocol
Susceptibility-weighted imaging images were obtained parallel to the anteroposterior commissural line using a high-resolution, gradi- 
| rs-fMRI protocol
All study subjects underwent rs-fMRI of the brain using a 3. 
| Statistical analysis
Results were presented as mean ± SEM. Statistical analyses were performed using SPSS 13.0. (SPSS Inc., Chicago, IL, USA). Parameters of two sides of brains were compared using independent-sample t tests.
Pearson's correlation analysis and regression analysis were used to assess the correlations of MRI parameters with symptom scores. A p value < .05 was considered statistically significant.
| RESULTS
| Demographic and clinical characteristics of each group
There was no significant difference in gender distribution and age between the patients with WD and healthy volunteers.
| Asymmetry of neural symptoms of WD patients
Mean asymmetry index of rigidity, ataxia, tremor, choreic movement, and gait abnormality was 1.33, 1.13, 1.39, 1.36, and 1.40 for patients with WD, respectively. 
| Asymmetry of MRI parameters of WD patients
Some MRI parameters were different in right and left side in healthy controls. But the difference was not statistical (Table 1) .
On comparing the DTI metrics of the two hemispheres in patients with WD, significantly different λ1, λ2, and λ3 values in the GP, λ1 values in PU, and FA values of the cerebellum were observed (Tables 1   and 2 ). 
| Relationship between symptoms asymmetry and MR asymmetry
On analyzing the relationship between symptoms asymmetry and MR asymmetry using regression analysis, the influencing factors of rigidity asymmetry were as follows: asymmetry of λ1 values in the GP, asymmetry of fiber volumes between the GP and SN, SN and TH, and SN and cerebellum. The influencing factors of tremor asymmetry were as follows: asymmetry of fiber volumes between the CA and TH, and TH and cerebellum. The influencing factors of choreic movement asymmetry were as follows: asymmetry of fiber volumes between the CA and TH.
The influencing factors of gait abnormality were as follows: asymmetry of fiber volumes between the GP and SN, and SN and TH (Table 3 ).
Pearson's correlation analysis showed positive correlation be- We found no correlation between symptom asymmetry and asymmetry of CP values, and asymmetry of rs-fMRI parameters, respectively.
| DISCUSSION
Motor asymmetry is defined as having predominant right or left motor symptoms (Esther, Pablo, & Jesus, 2010 ). A few investigations described the notion of asymmetric motor performance in WD (Esther et al., 2010) . We also found the asymmetry of neurological symptoms in patients with WD. However, the characteristic and mechanism of motor asymmetry of patients with WD are still unclear. In this series, we tried to estimate the motor asymmetry of patients with WD and investigate the cause of motor asymmetry using MR methods.
Motor asymmetry is common in neurodegenerative diseases.
Parkinson's disease (PD) typically manifests with asymmetric motor symptom onset (Huang et al., 2007) . In our series, the asymmetry of gait, rigidity, tremor, and choreic movement was common in patients with WD. The motor asymmetry may be useful in the clinical diagnosis of WD. And it is important to evaluating the motor asymmetry when estimating the neural symptoms of patients with WD in clinical works.
The mechanism of asymmetry is still unclear. PD asymmetry may be related to the asymmetric loss of dopaminergic neurons in the substantia nigra (Esther et al., 2010) . But the contralateral dopaminergic loss that mirrors lateralized motor symptoms may be insufficient (Valtteri, 2016) . There is recent work to suggest that a proportion of PD patients do not present their primary symptoms on the side of the body contralateral to the predominant dopamine deficit (Valtteri, 2016) . Some investigations found that asymmetry of movements may originate from higher levels of the central nervous system (Johnsen, Mogensen, Sunde, & Østergaard, 2009) . WD is an autosomal recessive defect of cellular copper export. Neurological symptoms of WD is secondary to damage to networks of the extracorticospinal tract, which includes both nuclei and fiber projections (Jadav et al., 2013; King, Walshe, Kendall, Halligan, & Hall-Craggs, 1996; Prashanth et al., 2010; Xiang-xue et al., 2016a 2005). It is thought that the value of FA could reflect the integrity of myelin and neuraxons, while axial (λ1) and radial (λ2 and λ3) diffusivities may be markers of axonal damage and demyelination, respectively (Metwalli et al., 2010) . Moreover, loops of the extracorticospinal tract can be reconstructed by FACT. In this study, we found asymmetry of FA and λ values in the subcortical nuclei, indicating the asymmetric axonal damage and demyelination in nuclei of patients with WD.
Meanwhile, we observed asymmetry of fiber projections between nuclei, indicating that damage to the extracorticospinal network was not symmetrical. We found correlation between rigidity asymmetry and DTI metrics asymmetry in the GP, indicating that the asymmetry of damage to the GP may be correlated with rigidity asymmetry in patients with WD. Otherwise, the asymmetry of neurological symptoms may result from the asymmetry of damage to fiber connections. We observed that the rigidity asymmetry correlated with the asymmetry of fiber projections in SN, tremor asymmetry correlated with the asymmetry of fiber projections in TH, cerebellum, and CA. Compared with the asymmetry of damage to the nuclei, the asymmetry of fiber projections may have more influence on motor asymmetry.
The hypointense signals in SWI can reflect mineral deposition . (JaeHyeok et al., 2012) . It is possible that the observed abnormalities may reflect both the copper and iron deposition in patients with WD (Hingwala, Kesavadas, Thomas, & Kapilamoorthy, 2013) . The negative correlation between CP values and mineral accumulation was confirmed (Zhang et al., 2009) . In this study, we found asymmetry of CP values in subcortical nuclei as SN and TH, indicating the mineral deposition was not symmetrical in the brains of patients with WD.
In the previous researches, the correlations between CP values and neurological symptoms were found. The correlations between CP values of the SN and UPDRS motor scores indicate that the amount of iron deposition in the SN might reflect the severity of PD (YongHee et al., 2013) . CP values of the GP, PU, and SN have been shown to be associated with the extent of tremor (Maija et al., 2013) . The correlation between the extent of abnormal posture and the anterior GP has been found (Maija et al., 2013) . In contrast to others, we did not find correlation between the asymmetry of CP values in subcortical nuclei and the motor asymmetry in patients with WD. It may be not the metal deposition, but the asymmetric damage to the brain is involved in neurological symptom asymmetry in patients with WD.
Rs-fMRI is a method used to detect functional activity of nuclei in the brain. The value of ALFF and REHO could reflect the spontaneous movement and cooperativity of neurons in the brain separately. We T A B L E 3 Influencing factors of neurological asymmetry in Wilson's disease patients asymmetry of functional movements of neurons in the brain may be not the cause of the motor asymmetry in patients with WD.
| Limitations
This study had several limitations. First, as ROIs were drawn by radiologists relative to anatomical structures, there may have been random variability in the measurements. To reduce this variability, all measurements were made by two neuroradiologists independently, with the value for each being an average of three different measurements.
Furthermore, fiber tracts were reconstructed using the FACT method, which can reconstruct fiber projections between pairs of ROIs, but cannot distinguish between outflow and inflow fiber tracts. This made it difficult to define the network path in the brain using DTI. Third, SWI is not a true quantitative method to measure brain mineral. More researches to evaluate the correlation between pathology of brains and neurological symptoms should be performed in the future.
| CONCLUSION
The neurological symptoms of patients with WD were not symmetrical. Meanwhile, we observed asymmetry of DTI, SWI, and rs-fMRI metrics in patients with WD, indicating the asymmetry of fiber projections, metal deposition, and functional movements of neurons.
Compared with the asymmetry of metal deposition and the functional movements of neurons, the asymmetrical damage to fiber projections may be the main cause of motor asymmetry in patients with WD.
